To evaluate the 12-month outcome of intravitreal anti-vascular endothelial growth factor therapy in eyes with bilateral retinal angiomatous proliferation (RAP). Methods: This retrospective observational study included 38 eyes of 19 patients with stage 1 or 2 bilateral RAP at diagnosis. The eyes of patients who exhibited different baseline best-corrected visual acuity (BCVA) values in both eyes were assigned to one of two groups-the better (n = 13) and worse (n = 13) visual acuity groups. The BCVA values in both groups were compared to those at baseline and at 12 months. In addition, the 12-month changes in BCVA were compared between the two groups. The association between the optical coherence tomography findings at diagnosis and the 12-month BCVA was also analyzed.
Retinal angiomatous proliferation (RAP) is a subtype of exudative age-related macular degeneration (AMD) that is characterized by retina-retinal or retinal-choroidal anastomosis [1] . One of the characteristics of RAP, which distinguishes it from other types of exudative AMD, is the relatively high risk of bilateral involvement. In a previous study involving 108 patients, Yannuzzi et al. [1] reported bilateral RAP at diagnosis in 26 patients. The incidence of fellow-eye involvement in patients with unilateral RAP is reported to be between 27% and 100% [2] [3] [4] [5] .
Anti-vascular endothelial growth factor (VEGF) is an effective treatment for exudative AMD [6] [7] [8] [9] [10] , and previous studies have also demonstrated the efficacy of this therapy in RAP [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, to the best of our knowledge, the outcome of bilateral RAP treatment with anti-VEGF has not yet been reported in detail, despite the fact that bilateral involvement at diagnosis is a frequent finding in patients with RAP. The purpose of this study was to evaluate the 12-month outcome of intravitreal anti-VEGF therapy in eyes with recently-developed bilateral RAP.
Materials and Methods
This single-center observational case study followed the tenets of the Declaration of Helsinki and was approved by the institutional review board of Kim's Eye Hospital (Seoul, Korea). Written informed consent from the patients was not required for this retrospective study. All patient records/data were anonymized and de-identified prior to analysis.
We reviewed the medical records of patients diagnosed with RAP between January 2010 and December 2012 and included patients who were treated with anti-VEGF monotherapy and underwent follow-up for at least 12 months. All of the included patients were subjected to comprehensive ophthalmological examination, including measurement of best-corrected visual acuity (BCVA), 90-diopter (D) lens slit-lamp biomicroscopy, and fundus photography. Infrared images of the retina were acquired by spectral-domain optical coherence tomography (OCT; Spectral OCT/ SLO, OTI Ophthalmic Technologies, Miami, FL, USA). Fundus autofluorescence, indocyanine green angiography, and red-free images were acquired using a confocal laser-scanning system (HRA-2; Heidelberg Engineering, Dossenheim, Germany).
The exclusion criteria were as follows: duration of symptoms greater than 6 months or presence of stage 3 RAP (chorioretinal anastomosis) in either eye, severe media opacity, end-stage AMD (central geographic atrophy and disciform scarring), history of intraocular surgery (except cataract surgery), macroaneurysms, proliferative diabetic retinopathy, central retinal vascular occlusions, and any other retinal disorder that might influence the macular microstructure and/or function. Eyes with submacular hemorrhages ≥1 disc diameter and that involved the fovea at the time of diagnosis were also excluded.
All included eyes were treated with three consecutive monthly intravitreal ranibizumab injections as initial treatment. Injections for both eyes were administered on the same day or within 1 week of each other. The patients were examined every 1 to 3 months thereafter, as determined by the treating physician. In patients without recurrence for relatively long periods, the follow-up interval was extended to 3 months. At the follow-up examinations, the patients were evaluated by fluorescein angiography or indocyanine green angiography, at the discretion of the clinician. Patients with persistent intraretinal/subretinal fluid after initial treatment or recurrence were treated again with an intravitreal anti-VEGF agent (ranibizumab or bevacizumab). Recurrence was defined by visualization of reaccumulated subretinal or intraretinal fluid in the OCT images following initial treatment, after the fluid had completely resolved. The visualization of newly-developed retinal/subretinal hemorrhage upon clinical examination was also considered recurrence.
Reticular pseudodrusen was diagnosed based on multimodal imaging findings. Reticular pseudodrusen was diagnosed when the condition was confirmed by one or more of the following examinations: color fundus photography, blue-channel image fundus photography, red-free imaging, infrared imaging, or fundus autof luorescence imaging. Blue-channel fundus images were obtained using an image editing program (Photoshop CS4; Adobe Systems, San Jose, CA, USA). In some cases, the contrast of the color fundus photographs was enhanced using Photoshop CS4 for better visualization. Central foveal thickness (CFT) was manually measured from the OCT images using the built-in calipers of the OCT software and was defined as the distance between the internal limiting membrane and the Bruch's membrane at the fovea. The results of CFT measurement were analyzed in patients with available OCT findings at both baseline and 12 months posttreatment. Subgroup analyses of the parameters were performed as described below.
Subgroup analysis based on baseline BCVA
The patients were divided into groups based on the difference in baseline BCVA between the two eyes. In patients with different baseline BCVA in the two eyes, the eye that exhibited the worse visual acuity was included in the worse visual acuity group, and the fellow eye was included in the better visual acuity group. The baseline and 12-month BCVA values were compared within each group. In addition, the 12-month changes in BCVA were compared between the two groups. In patients that exhibited equivalent baseline BCVA in both eyes (<0.1 logarithm of minimal angle of resolution [logMAR] ), the proportions of the pairs of eyes that exhibited equivalent BCVA, 1 to 2 lines of difference in BCVA, and ≥3 lines of difference in BCVA at 12 months were estimated.
Subgroup analysis based on RAP stage at diagnosis
The patients were divided into groups based on baseline RAP stage in both eyes. In patients with different stages of RAP in the two eyes, eyes with stage 1 RAP were included in the lower stage group, and the fellow eyes (stage 2 RAP) were included in the higher stage group. The baseline and 12-month BCVA values were compared within each group. In addition, the 12-month changes in BCVA were compared between the two groups. In patients that exhibited the same stage of RAP in both eyes, the proportions of pairs of eyes that exhibited equivalent BCVA values, 1 to 2 lines of difference in BCVA, and ≥3 lines of difference in BCVA at baseline and 12 months posttreatment were estimated.
Subgroup analysis based on symptom onset
The eyes were classified into two groups according to timing of RAP symptom onset. The 12-month BCVA values were compared between the eyes with early and late onset of symptoms. Additionally, the baseline and 12-month BCVA values were compared within each group.
Association of baseline OCT findings with 12-month visual outcome
For all 38 eyes included in the study, the presence of intra and subretinal f luids and pigment epithelial detachment (PED) at baseline was identified based on OCT findings. The 12-month BCVA values were compared between eyes with and without these pathological findings. In addition, the baseline and 12-month BCVA values were compared within each group.
Statistical analyses
Statistical analyses were performed using the commercially available software package SPSS ver. 12.0 for Windows (SPSS Inc., Chicago, IL, USA). The number of anti-VEGF injections between the subgroups was compared using the independent samples t-test or Mann-Whitney U-test. Comparison of the BCVA values at different time points was performed using the paired t-test or Wilcoxon signed-rank test. The paired t-test was used to compare the CFT at different time points, and comparison of the BCVA values between different subgroups was performed using the independent samples t-test or Mann-Whitney U-test. The p-values of <0.05 were considered statistically significant.
Results
The baseline characteristics of the 19 patients (38 eyes) who satisfied the eligibility criteria are summarized in Table 1. Of the 19 patients, four (21.1%) were male and the mean patient age was 75.8 ± 7.7 years. Diabetes mellitus and hypertension were present in four (21.1%) and 11 (57.9%) patients, respectively. Stage 1 and 2 RAP lesions were observed in 17 (44.7%) and 21 (55.3%) eyes, respectively. While six patients (31.6%) exhibited equivalent BCVA in both eyes, five (26.3%) exhibited 1 to 2 lines of difference in BCVA between the two eyes, and the remaining eight patients (42.1%) exhibited ≥3 lines of difference in BCVA between the two eyes.
During the 12-month follow-up period, the patients received an average of 4.3 ± 0.8 anti-VEGF injections (ranibizumab injections, 3.9 ± 0.8; bevacizumab injections, 0.3 ± 0.6) in each eye. Nine eyes were treated with both ranibizumab and bevacizumab, and the remaining 29 were treated with ranibizumab alone. Images of a representative case of bilateral RAP treated with an anti-VEGF agent are shown in Fig. 1A-1J . The mean BCVA values of the 38 eyes at baseline and 3 and 12 months posttreatment were 0.63 ± 0.26, 0.49 ± 0.29, and 0.71 ± 0.34, respectively. The BCVA at 3 months posttreatment was significantly better than the BCVA at baseline (p = 0.001). However, there was a significant decrease in mean BCVA between 3 and 12 months posttreatment ( p < 0.001). Therefore, the BCVA at 12 months posttreatment was not significantly different from that at baseline ( p = 0.192).
A significant association was found in mean 12-month change in BCVA between the eyes of a pair ( p < 0.001, r = 0.739) (Fig. 2) . Thus, the eye that exhibited better visual acuity than the paired eye at baseline was likely to continue to exhibit better visual acuity than the other eye at 12 months posttreatment. The CFT measurements were analyzed in 34 eyes of 17 patients (87.2%) with available OCT results at baseline and at 3 and 12 months posttreatment. The CFT values at baseline and 3 and 12 months posttreatment were 372.5 ± 111.4, 225.4 ± 67.6, and 266.7 ± 136.4 µm, respectively. The mean CFT values at 3 and 12 months posttreatment were significantly lower than those at baseline (p < 0.001, both). There was no significant difference between the mean CFT values at 3 and 12 months posttreatment ( p = 0.150).
Subgroup analysis based on baseline BCVA
Of the 19 pairs of eyes included in the study, 13 exhibited different baseline BCVA values in paired eyes (Fig. 3A) . In the better visual acuity group (n = 13), the BCVA values at baseline and 3 and 12 months posttreatment were 0.48 ± 0.19, 0.35 ± 0.19, and 0.58 ± 0.29, respectively, and the BCVA at baseline was not significantly different from that at 12 months posttreatment ( p = 0.174). These eyes were treated with an average of 4.5 ± 0.8 anti-VEGF injections during the 12-month period. In the worse visual acuity group (n = 13), the BCVA values at baseline and 3 and 12 months posttreatment were 0.83 ± 0.20, 0.64 ± 0.30, and 0.90 ± 0.31, respectively, and the BCVA at baseline was not significantly different from that at 12 months posttreatment (p = 0.460). There was no significant difference in 12-month change in BCVA ( p = 0.786) or number of anti-VEGF injections ( p = 0.111) between the eyes with better and worse visual acuity.
Of the six patients who exhibited equivalent baseline BCVA in both eyes, five exhibited the same stage of RAP in both eyes. Equivalent BCVA values in paired eyes were noted in two patients (33.3%) at 12 months posttreatment. The remaining four patients exhibited 1 to 2 lines or ≥3 lines of difference in BCVA (two patients [33.3%] each) at 12 months posttreatment (Fig. 3B) .
Subgroup analysis based on RAP stage at diagnosis
Of the total 19 patients, eight exhibited different stages of RAP in paired eyes at baseline (Fig. 4A) . In the lower stage group (n = 8), the BCVA values at baseline and 3 and 12 months posttreatment were 0.48 ± 0.17, 0.36 ± 0.23, and 0.54 ± 0.35, respectively, and the BCVA at baseline was not significantly different from that at 12 months posttreatment ( p = 0.892). In the higher stage group (n = 8), the BCVA values at baseline and 3 and 12 months posttreatment were 0.78 ± 0.27, 0.72 ± 0.35, and 0.89 ± 0.36, respectively, and the BCVA at baseline was not significantly different from that at 12 months posttreatment ( p = 0.408). There were no significant differences in the 12-month change in BCVA (p = 0.505) and the number of anti-VEGF injections (p = 0.279) between the eyes of the lower and the higher stage groups.
Of the 11 patients that exhibited the same RAP stages in paired eyes at baseline, five (45.5%) exhibited equivalent (Fig. 4B) .
Subgroup analysis based on timing of onset of symptoms
Among the 19 patients included in the study, the timing of onset of symptoms was not accurately determined in four. Of the 15 patients with records of the timing of symptom onset, six had similar timing of onset for the two eyes. Therefore, comparison between the early and late onset eyes was performed for the nine patients (18 eyes) that had dissimilar timing of symptom onset. The BCVA values at baseline and 12 months posttreatment in the early onset eyes (n = 9) were 0.72 ± 0.33 and 0.76 ± 0.43, while those in the late onset eyes (n = 9) were 0.49 ± 0.23 and 0.50 ± 0.26, respectively. Compared to the BCVA at baseline, that at 12 months posttreatment was significantly lower in the early onset eyes ( p = 0.031), whereas the difference between the two was not significant in the late onset eyes ( p = 0.094). Although the early onset eyes showed better visual acuity at 12 months posttreatment than the late onset eyes, there was no significant difference in BCVA between the two groups at 12 months posttreatment ( p = 0.258).
Association of OCT baseline findings with 12-month visual outcome
The incidences of intra and subretinal fluid accumula- 
Discussion
In this study, the overall treatment outcomes were similar or slightly unfavorable compared to those reported in previous studies [12, 14, 15] . The 12-month visual acuities of our patients showed deterioration compared with the corresponding baseline values, although the differences between the two were not statistically significant. Previous studies that evaluated the long-term visual outcome of anti-VEGF therapy in RAP reported 12-month visual acuities significantly better than [12] or similar to [14] the baseline values. Although a previous study reported 12-month visual outcomes that were similar to those identified in our study [15] , the anti-VEGF monotherapy group in that study included patients with relatively high-grade RAP (stage 2, 76.9%; stage 3, 23.1%). The relatively discouraging visual outcomes of our patients, in spite of excluding stage 3 RAP, which is usually considered to have poor prognosis [17] , requires further research. In this study, the BCVA at 3 months posttreatment, which was measured 1 month after the initial monthly anti-VEGF injections, significantly improved from that at baseline. However, there was also a significant deterioration in BCVA between 3 and 12 months posttreatment. As a result, the BCVA at 12 months posttreatment was not significantly different from that at baseline. This result suggests that at least some of our cases were under-treated. In a previous prospective study that followed a frequent follow-up schedule [12] , an average of 5.5 anti-VEGF injections were administered during the first 12 months of treatment; in comparison, the average number of anti-VEGF injections administered in the present study was 4.3. In addition, in the present study, follow-up examinations were performed every 1 to 3 months at the discretion of the treating physician. We hypothesize that the relatively small number of injections and poor visual prognosis in our patients are mainly attributable to the infrequent follow-up strategy, which might have caused delayed treatment and under-treatment.
Although the prevalence of reticular pseudodrusen is relatively high among patients with RAP [20] [21] [22] , the prevalence among the patients included in our study (84.2%) was higher than that reported among patients in other studies on RAP. The high prevalence observed among our patients may be partially attributable to the inclusion criteria of the present study (i.e., presence of bilateral RAP) because the presence of reticular pseudodrusen in the fellow eye is closely associated with fellow-eye neovascularization in patients with unilateral RAP [4, 5] . The presence of reticular pseudodrusen is also associated with choroidal thinning [23, 24] . This was confirmed by a recent study that demonstrated poor treatment outcomes in patients with exudative AMD with thin choroid [25] . Therefore, we hypothesized that the high incidence of reticular pseudodrusen contributed to the relatively poor treatment outcomes in our patients. In general, regardless of baseline visual acuity or stage of RAP, there were no notable differences in the response to therapy between both eyes of a pair. However, despite comparable baseline visual acuities, the treatment outcomes were not always similar between the paired eyes of the patients. Equivalent BCVA values at 12 months posttreatment were observed in only two of the six patients with equivalent baseline BCVA values, although five of the six patients exhibited the same stage of RAP in both eyes. The 12-month visual acuities of the eyes with worse baseline visual acuities were generally inferior compared to those of the fellow eyes with better baseline values. This result was in accordance with a previous study that demonstrated a close positive association between baseline and posttreatment visual acuities [14] . There were no significant differences in 12-month changes in visual acuities between the eyes of the worse and better visual acuity groups. In a previous study that evaluated the short-term outcomes of anti-VEGF therapy in bilateral exudative AMD, the increase in BCVA after three anti-VEGF injections was significantly greater in eyes with worse baseline visual acuities compared to that in eyes with better baseline values [26] . However, no such trend was observed in the 12-month changes in visual acuities among our patients.
In the present study, the visual acuity at 12 months post- 
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A B treatment was relatively better in the late onset eyes than in the early onset eyes. Although the mean difference in visual acuity between the two groups was more than 0.2 logMAR lines, it was not a statistically significant difference. We postulate that this result might have primarily been due to the small sample size of this study. The relatively better visual outcome in the late onset eyes compared to that in the early onset eyes suggests that better visual outcome can be achieved by initiating treatment at earlier stages of the disease. Previous studies on the OCT features of RAP have reported relatively high incidences of intraretinal fluid and PED and low incidence of subretinal fluid [27] [28] [29] . In addition, the choroid has been reported to be usually thin in RAP [30] . In the present study, the BCVA outcomes were compared between eyes with or without subretinal fluid or PED. The other characteristic OCT features of RAP were not analyzed for the following reasons: intraretinal fluid because all of the patients included in the present study exhibited accumulation of intraretinal fluid; choroidal thickness because enhanced-depth imaging OCT, which is required for accurate choroidal thickness measurement, was not performed in some of the patients included in our study. The results of our study indicate better 12-month visual outcome in eyes without PED than in eyes with PED. It has been reported that PED is associated with poor visual outcome in neovascular AMD [31] . Our results suggest that the presence of PED in RAP is also a predictive clinical factor of worse visual outcome.
This study was the first to evaluate detailed outcomes of bilateral RAP. However, this study also had some limitations, including the retrospective nature and small sample size. Although initial treatment was performed according to uniform guidelines, no such guidelines were followed during retreatment, which was performed according to the discretion of each clinician. Finally, the monthly follow-up schedule, which is generally recommended in treatment with as-needed regimens [32] , was not strictly followed.
In summary, the response to treatment with anti-VEGF was comparable between the eyes of the better and worse visual acuity groups in patients with bilateral RAP. The treatment outcomes might vary markedly in some cases with similar baseline visual acuities. Better baseline visual acuity and absence of PED at diagnosis were associated with better visual acuity at 12 months posttreatment. However, the stage of RAP at baseline was not associated with the treatment outcome. Therefore, additional controlled studies with strict treatment protocols and follow-up schedules are required to better elucidate the treatment outcomes in bilateral RAP.
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